U-Pb isotopic studies of zircons, many containing xenocrystic cores with euhedral overgrowths, and monazite from igneous rocks and metasedimentary inclusions of the northeastern Idaho batholith yield linear arrays on concordia diagrams. We interpret these as mixing lines between an old component (cores) and a young component (overgrowths and zircons without cores). The lower intercept of such arrays with concordia may yield the minimum age of the rocks if the overgrowths and zircons without cores are discordant, or the crystallization age if they are concordant. Monazites yield apparently concordant ages either equal or less than the lower intercept zircon ages. The samples studied yield lower intercept ages ranging from 73.5 + 6 m.y. (foliated quartz diorite) to 46.5 ± 1 m.y. (feldspar megacryst granite); ages obtained are consistent with crosscutting relations observed in the field. Upper intercepts yield ages of 1700 to 2349 m.y. These are interpreted to indicate the mean age of xenocrystic zircon. Studies of zircons from xenolith suites indicate that they could represent the source of the old zircon component.
INTRODUCTION
In an earlier paper (Chase et al. 1978) we reported preliminary results from a study of U-Pb systematics in zircons from rocks of the northeastern Idaho batholith and Rb-Sr systematics in these rocks and rocks of its metamorphic aureole. In that paper we presented evidence that the early phases of emplacement of igneous material may have begun about 82 m.y. ago and that the main plutons of the batholith were emplaced 66 10 m.y. ago. These results were obtained by study of zircons which appeared to include two components, one 2075 ± 175 m.y. old and another whose age we believed to be the time of crystallization of the magmas. The presence of the old zircon I Manuscript received October 20, 1980; revised February 17, 1981. 2 Current address: Department of Earth and Space Sciences, University of California, Los Angeles, California 90024. 3 Current address: Amoco Production Co., P.O. Box 3092, Houston, Texas 77036. [Journal of Geology, 1981, vol. 89, p. 433-457] © 1981 by The University of Chicago.
0022-1376/81/8904-003 $1.00 component, and the high values of the initial 87Sr/6 Sr ratio in rocks we and others have studied from this region, suggested that older continental crust was significantly involved in the formation of these magmas.
In this paper we will present the results of a much more detailed study whose goals were
(1) to determine the age of emplacement of granitic rocks from the northeastern Idaho batholith and its border zone; (2) to identify the source of the "old" zircon component and to determine its age if possible; and (3) to consider the implications of these data for the source and subsequent evolution of batholith magmas.
Previous isotopic studies of rocks from the northern part of the Idaho batholith have included those of Reid et al. (1970 Reid et al. ( , 1973 , of Grauert and Hoffman (1973) , and of Armstrong (1975a Armstrong ( , 1975b Armstrong ( , 1976 Armstrong ( , 1978 and Armstrong et al. (1977) . Grauert 
GEOLOGIC SETTING OF THE NORTHEASTERN IDAHO BATHOLITH
The Idaho batholith ( fig. 1 ) is a composite group of plutons emplaced to the east of an inferred subduction zone (Hamilton 1969, fig. 4; Talbot and Hyndman 1975) , north to northwest of the Sevier orogenic belt (Armstrong 1968, fig. 4 ), southwest of the Montana disturbed belt (Mudge 1970, fig. 1 ), and south of the Kootenay arc mobile belt in Canada (Harrison et al. 1974, p. 7) . Igneous rocks in the northeastern sector of the batholith ( fig. 2 ) have intruded quartzofeldspathic gneiss, pelitic schist, and calc-silicate gneiss which have been subjected to conditions of upper amphibolite-grade metamorphism and multiphase deformation, and remetamorphosed under lower-pressure conditions (Chase 1973 (Chase , 1977 Nold 1974; Cheney 1975; Wehrenberg 1972 ).
The host rocks were penetratively deformed at least twice prior to batholitic intrusion. The earliest intrusive phase was quartz diorite on the periphery of the igneous complex, which was deformed and metamorphosed along with the host rocks prior to more voluminous intrusion of the main plutonic complex (Chase 1973) . The main portion of the batholith contains many plutons whose contact locations are not known in detail. There are two principal granitic types, an earlier medium-grained granite and a later porphyritic gray granite distinguished by large potassium feldspar megacrysts. The emplacement sequence of these three plutonic types can be dis- The northeastern Idaho batholith and its metamorphic envelope has been regionally uplifted to form a gneiss dome (Chase 1977; Chase and Talbot 1973) . A zone of cataclasis has developed along the eastern margin of, and locally within, this dome which is up to 850 meters or more thick. Rb-Sr (biotite) and fission track (apatite) ages may be related to the thermal (Armstrong et al. 1977) , hydrothermal (Criss and Taylor 1978) , or uplift (Ferguson 1975 ) events associated with the doming, or some combination of these (Chase et al. 1978) . Erosion to the present level has exposed the inner sector of the dome and the lower part of the batholith as well as the zone of to determine the age or ages of intrusive events. Additionally, we have studied samples of sheared granitic rocks (samples 79A15, 79A17, and 79A18) from within the zone of cataclasis in an attempt to place constraints upon the time of regional uplift.
We have studied a suite of inclusions (samples 19, 23, 28, and 35) collected from the contact zone inward into the batholith and ranging from only slightly to extensively reacted with the enclosing magmatic rocks, in order to see whether these rocks are the fig. 1 ) showing location of samples studied. Map is adapted from Chase et al. (1978) . It is easily separated from zircon because its higher magnetic susceptibility.
We also studied the zircon and monazite separates at high magnifications with a petrographic microscope. Viewed in oil immersion mounts under plane polarized Arrays of analytical data were interpreted by fitting lines to the data points using the least-squares-cubic method of York (1966) and then solving for the intercepts of the line thus determined with the concordia curve. The program used yields the slope and intercept of the best fit line and the uncertainties in these parameters at one standard deviation. Use of these uncertainties in the solution for the intercepts thus yields a maximum and minimum value, and these were taken as the error in the age determined at one standard deviation. As will be seen, the lower intercept of the data arrays with concordia are as important in the interpretation of our results as the upper intercept, and this value was also determined.
It is also important to comment upon the methods we used to make common Pb corrections to the Pb-isotope data measured.
As noted above, many of the zircons have Pb and U for each step (Ludwig and Silver 1977 give an interesting account of the necessity for studying feldspars in this way).
The data from this analysis are given in the quartz diorite orthogneiss sample, we separated the zircons into size fractions prior to analysis, but we were unable to identify zircons in these rocks that were significantly "round" relative to the general figure 17 , the lower end of the mixing line may be only the mean value of the Pb/U ratios for a population of discordant zircons which are actually older than the age indicated by the lower intercept.
We believe that our results for monazite are significant in the interpretation of the lower intercepts of the zircon arrays. Several recent authors have found that monazites yield concordant U-Pb ages (e.g., Aftalion and van Breemen 1980). Koppel and Griinenfelder (1975) argue that monazite ages generally indicate the peak of amphibolite facies metamorphism, whereas Purdy and Jiiger (1976) believe that monazites have a maximum blocking temperature of 5300C.
In our study, the data from monazite plots on the concordia curve within analytical uncertainties. For sample IG-38, the youngest sample in terms of its field crosscutting relationships and its zircon and monazite data, the monazite appears to plot at the zircon lower intercept ( fig. 8 ). For sample IG-11A ( fig. 16 ), the uncertainty in the zircon lower intercept age makes it indistinguishable from the monazite age. For all other samples for which we have monazite data (A-33, fig. 7 ; IG-39, fig. 8 ; IGI-11B, fig. 15 ) the monazite data indicate an age that is younger than the zircon lower intercept age, but none of the monazite ages is (Chase et al. 1978; Armstrong 1974 Armstrong , 1975 Armstrong , 1976 Ferguson 1975) . The nature of this event is not known, but it has been suggested that it was associated with the last uplift of the batholith (Chase et al. 1978) or that it was associated with the Eocene-Oligocene Challis volcanic event (Armstrong 1974) . In any case, it Our analytical data do not permit us to distinguish between the two interpretations discussed above. We argue here, however, that the first interpretation is more plausible and more in accord with the geological facts. The petrographic data available support this contention (Chase 1973) . In the former case, the old zircon component is a refractory residue from melting, whereas in the latter it was derived during extensive incorporation of crustal material into magmas that may have been formed in the lower crust or in the mantle. It is interesting that the experimental studies of Watson (1979) have shown that the solubility of Zr in granitic melts is strongly influenced by (Na2 0 + K2 O0)/Al2 03 such that in peraluminous melts Zr solubility is low, and less than 100ppm Zr is necessary for zircon saturation. Thus the chemistry of the magmas may account for the presence of xenocrystic zircon in these rocks. In about eight years of working with zircons from subalkaline to peralkaline rocks in which Zr is theoretically more soluble in the magmatic phase, the senior author has never observed xenocrystic zircon.
The conclusion that the magmas that crystallized to form the igneous rocks of the northeastern border zone of the Idaho batholith were derived anatectically, or were extensively contaminated with older continental crust, is borne out by the published Sr isotope data (Chase et al. 1978; Armstrong et al. 1978 ) and our very preliminary Sr and common Pb isotope data. All of the igneous rocks we have studied have initial 87Sr/86 Sr ratios greater than .7076, and most have ratios greater than .7100. The isotopic composition of common Pb in the potassium feldspar sample studied (table 3; from sample IG-38, which has the lowest initial 87Sr/86 Sr of any sample we have yet studied), is not consistent with 55 m.y. old mantle Pb, as calculated on the model of Stacey and Kramers (1975) . Rather, it is closer to the composition of approximately 300 m.y. Pb on the Stacey and Kramers model. These relationships strongly suggest that initial Sr and Pb isotopic compositions in the igneous rocks were the result of mixing of magmas whose Sr and Pb had more primitive isotopic compositions with older country rocks containing more radiogenic Sr and Pb. These suggestions will be tested in our future work through study of major and trace elements abundances in the igneous rocks, the country rocks, and the inclusions. b Isotopic abundances ± .2% or better.
